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(54) BIOMOLECULE MICROARRAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a biomolecule 
microarray which can be used for quantitative analyses 
and has a high S/N ratio. 

SOLUTION: A photolithography technique and an etching 
technique are used to form an immobilizing film 1 4 in 
which avidin molecules are immobilized in a single layer 
at only specific probe biomolecule adhesion-desired 
sites 101 on the surface of a slide glass substrate 11, 
thus obtaining the surface-treated substrate 1 00. Since 
the areas and shapes of the specific sites all are 
uniform, the numbers of the biotin molecules immobilized 
on the specific sites 101 are also approximately uniform. 
Thereby, the numbers of the avidin molecoles bound to 
the specific sites 101 are identical. The specific sites 
101 of the surface- treated substrate 100 are spotted 
with a solution containing probe DNA treated with biotin 
to obtain the DNA microarray. Since the numbers of the 
avidin molecules immobilized on the specific sites 101 
are identical in the DNA microarrays, the number of 
probe DNAs 21 bound to the specific sites 101 is also identical. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate for biomolecule microarrays which is a substrate which carries out 
surface preparation and becomes as the probe biomolecule in the solution concerned is received 
and fixed by only the specific part on the front face of a substrate by carrying out the spot of 
the solution containing probe biomolecule to a substrate front face, and is characterized by to 
prepare regularly two or more detailed probe biomolecule acceptance solid phase sections on 
said front face of a substrate which migrate to the whole surface mostly and may receive said 
probe biomolecule quantitatively respectively. 

[Claim 2] Said probe biomolecule acceptance solid phase section is a substrate for biomolecule 
microarrays according to claim 1 characterized by consisting of a solid phase-ized agent of the 
avidin, streptoavidin, a biotin, the amino group, a carbonyl group, a hydroxyl group, a SUKUSHI 
need radical, a MAREIDO radical, or the thiol groups. 

[Claim 3] Said substrate is a substrate for biomolecule microarrays according to claim 1 or 2 
characterized by being a glass substrate, a silicon substrate, a plastic plate, a golden substrate, 
or the silver substrates. 

[Claim 4] Said probe biomolecule acceptance solid phase section is a substrate for biomolecule 
microarrays according to claim 1 to 3 characterized by an avidin molecule combining with a 
monolayer at the end of the biotin molecule combined with the substrate front face. 
[Claim 5] The biomolecule microarray characterized by probe biomolecule having combined with 
said probe biomolecule acceptance solid phase section of a substrate according to claim 1 to 4. 
[Claim 6] Said probe biomolecule is a biomolecule microarray according to claim 5 characterized 
by being DNA, RNA, PNA. or protein. 

[Claim 7] Said probe biomolecule is a biomolecule microarray according to claim 5 or 6 which is 
the biomolecule which carried out the indicator of the biotin, and is characterized by having 
combined with said probe biomolecule acceptance solid phase section by biotin-avidin 
association. 

[Claim 8] The manufacture approach of the substrate for biomolecule microarrays which is an 
approach for manufacturing the substrate for biomolecule microarrays according to claim 1 to 4, 
and is characterized by including the process in which only a specific part prepares said probe 
biomolecule acceptance solid phase section using a photolithography technique and an etching 
technique. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The invention in this application uses as a probe biomolecule of the 
single strand which has a complementary base sequence to the target biomolecule which should 
be detected, belongs to the biomolecule detection technique detect target biomolecule by 
detecting the existence of the double strand formed of the hybridization of the probe 
biomolecule concerned and the sample nucleic acid of the living body origin, and relates to the 
biomolecule microarray which comes to form the biomolecule detection spot section on the 
substrate concerned by carrying out the spot of the solution which contains probe biomolecule 
especially on the surface of a substrate. 
[0002] 

[Description of the Prior Art] There is a DNA microarray (called a DNA chip) as a device for 
detecting the biomolecules (DNA, RNA, etc.) which exist in the sample of the living body origin. 
According to the DNA microarray, it is possible for biomolecule detection processing or base- 
sequence-determination processing of hundreds - tens of thousands batches to be put in block, 
and to perform it in juxtaposition. A DNA microarray comes to arrange the DNA detection point 
(spot section) of hundreds - a-1 0,000 number on a several square centimeters - about ten 
square centimeters glass substrate or a silicon substrate tidily. One kind of nucleic-acid polymer 
(gene fragment) of a single strand which had a known base sequence beforehand is being fixed to 
each DNA detection point at a time as a probe (sensor). That is, on a DNA microarray, many 
kinds of nucleic acid probes have aligned. If the water solution of the sample nucleic acid which 
carried out labeling (indicator) with the fluorescent material on this DNA microarray is poured, 
only when the base sequence of the nucleic-acid polymer in a sample nucleic acid is as 
complementary as FUROBU, both will hybridize, and also even in after washing, only a probe and 
the target nucleic-acid polymer to which it hybridized remain on a DNA microarray. By detecting 
the fluorescence which the fluorescent material in the target nucleic-acid polymer which 
remained on the DNA microarray emits, it can judge whether a target nucleic-acid polymer exists 
in a sample nucleic acid. 

[0003] A DNA microarray can be divided roughly into two kinds, a photolithography mold and a 
spotting mold, according to a manufacturing method. In the photolithography mold, the 
manufacture approach which compounds DNA (oligonucleotide) of desired varieties on a 
substrate (or sheet) by the photolithography used in the manufacture process of a 
semiconductor integrated circuit is taken, and the DNA microarray which has the DNA detection 
point of high density is put in practical use (refer to U.S. Pat. No. 5744305 and 5445934 grade). 
On the other hand, in a spotting mold, after carrying out the spots of the waterdrop containing 
the probe DNA which prepared beforehand the solid phase-ized agent (the poly lysine or amino 
silane) on the substrate using the substrate (or sheet) with which the whole surface of slide 
glass was coated one by one and carrying it, the manufacture approach which forms a DNA 
detection spot is taken by making it dry (reference, such as U.S. Pat. No. 587522) 
[0004] 

[Problem(s) to be Solved by the Invention] There is a difference among the following properties 



in two kinds of DNA microarrays mentioned above. Since the DNA microarray of a 
photolithography mold can make the DNA detection point fine and can grow DNA to 
homogeneity, it is excellent in the point that high sensitometry and its repeatability can be 
guaranteed, and the point which can be used for SNP (a little salt radical polymorphism) analysis. 
However, one mask is required in order to compound one base, and since there are four kinds of 
bases with A, T, G, and C, at least four masks are needed. For example, 80 masks are required to 
compound the probe of the die length of 20 bases. The mask is as expensive as hundreds of 
thousands of yen per sheet, and in order to make a DNA microarray, it requires tens of millions 
of yen costs. For this reason, the present condition is used only by some research facilities. 
[0005] In order to use for the DNA microarray of a spotting mold the approach of carrying the 
waterdrop containing probe DNA on a substrate, and drying it, the consistency and uniformity of 
DNA which are fixed on a substrate are not guaranteed. That is, since the dimension and 
configuration of the DNA detection spot section become an ununiformity, dispersion arises in the 
amount of DNA currently fixed to each DNA detection spot section. For this reason, even if the 
DNA microarray of a spotting mold was applicable to qualitative analysis, it was not fit for 
quantitive analysis. That is, even if the existence of the DNA detection spot section which the 
hybridization with target biomolecule produced was detectable, it was not able to measure the 
amount of the target biomolecule which carried out hybridization in each DNA detection spot 
section. Moreover, by existence of the solid phase-ized agent adhering to the perimeter of the 
DNA detection spot section, Target DNA adsorbed on the substrate nonspecific, the rise of a 
noise was caused, and the S/N ratio was reduced. It is originated under such a situation and the 
invention in this application has the purpose in being able to use it for quantitive analysis and 
offering the biomolecule microarray of the high spotting mold of a S/N ratio 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the following 
means are adopted in the invention in this application. The substrate for biomolecule microarrays 
concerning this invention is characterized by preparing regularly the detailed probe biomolecule 
acceptance solid phase section of the plurality on the front face of a substrate which migrates 
to the whole surface mostly and may receive said probe biomolecule quantitatively respectively. 
In the substrate for biomolecule microarrays of this invention, said probe biomolecule 
acceptance solid phase section consists of a solid phase-ized agent of the avidin, streptoavidin, 
a biotin, the amino group, a carbonyl group, a hydroxyl group, a SUKUSHI need radical, a 
MAREIDO radical, or the thiol groups. Moreover, said substrates are a glass substrate, a silicon 
substrate, a plastic plate, a golden substrate, or the silver substrates. Moreover, an avidin 
molecule combines said probe biomolecule acceptance solid phase section with the end of the 
biotin molecule combined with the substrate front face at a monolayer. Moreover, as for spacing 
of 50-200 microns and said specific parts, it is [ the path of said specific part ] desirable that it 
is 100-500 microns. Here, as for the case of a diameter and a square, the path of said specific 
part means the die length of a piece, when the configuration of the specific part concerned is 
circular. Moreover, it is desirable for the configuration of said specific part to carry out 
abbreviation coincidence with the configuration of the pixel of the solid state image sensor used 
for the image pick-up of the biomolecule detection spot section of said biomolecule microarray. 
The biomolecule microarray concerning this invention is characterized by combining probe 
biomolecule with said probe biomolecule acceptance solid phase section of a substrate according 
to claim 1 to 4. In the biomolecule microarray of this invention, said probe biomolecule is DNA, 
RNA, PNA, or protein. Moreover, said probe biomolecule is the biomolecule which carried out the 
indicator of the biotin, and is combined with said probe biomolecule acceptance solid phase 
section by biotin-avidin association. The manufacture approach concerning this invention is an 
approach of manufacturing said substrate for biomolecule microarrays, and is characterized by 
including the process in which only a specific part prepares said probe biomolecule acceptance 
solid phase section using a photolithography technique and an etching technique 
[0007] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail with reference to a drawing. First, the substrate for DNA microarrays concerning this 



invention (it is only hereafter described as a surface treatment substrate.) is explained. Drawing 
1 is the production process Fig. showing an example of the manufacture approach of the surface 
treatment substrate concerning this invention. Among drawing, 100 are a surface-preparation 
substrate concerning this invention, surface preparation is carried out and this surface- 
preparation substrate 100 becomes so that probe DNA may adhere only to the specific part 101. 
The production process of the surface treatment substrate 100 is as follows. 

(1) Substrate washing process : wash the slide glass substrate 1 1 and remove an impurity. 

(2) Aluminum film vacuum evaporationo process : vapor-deposit the aluminum film 12 on the 
front face of the slide glass substrate 11 (coating). 

(3) The spreading process of a photoresist : apply the photoresist of a negative mold to the front 
face of the aluminum film 12 (coating). 

(4) Exposure process : irradiate light (hnu) only to the specific part 101 on the substrate of (3) 
through a photo mask 14. 

(5) Develop the photoresist 13 on the substrate of development process: (4). The photoresist 13 
of the specific part 101 is removed in this phase. 

(6) Etch the aluminum film on the substrate of etching process: (5). In this phase, the aluminum 
film 12 of the specific part 101 is removed. 

(7) Dissolve with an acetone and remove the photoresist 13 on the substrate of resist removal 
process: (6). In this phase, the front face of the slide glass substrate 1 1 exposes only the 
specific part 101. 

(8) On the substrate of DNA solid phase-ized film formation process: (7), apply the solid phase- 
ized agent which adsorbs probe DNA and solid-phase-izes it, and form the DNA solid phase-ized 
film 15. Specifically, this process consists of an amino-group installation process on the front 
face of a substrate by amino silanizing, and a biotin installation process to the amino group on 
the front face of a substrate by the biotin SUKUSHI need. 

(9) Make it dissolve by the acid, alkali, or the chelating agent, and remove the aluminum film 12 
on the substrate of DNA attachment site formation process: (8). The DNA solid phase-ized film 
15 is formed only in the specific part 101 of the front face of the slide glass substrate 1 1 in this 
phase. 

(10) Introduce an avidin solution on the substrate of avidin joint process: (9), and make a 
monolayer combine an avidin molecule with the end of the biotin molecule of the DNA solid 
phase-ized film 15 formed in the specific part 101. 

By passing through the process of the above (1) - (10), the DNA microarray substrate 100 with 
which avidin was fixed only to the specific part 101 of the front face of the slide glass substrate 
11 by the monolayer is obtained. Spacing of 200 microns or less and part 101 specific comrades 
of the diameter of the specific part 101 is 400 microns or less. 

[0008] The process which an avidin molecule combines with a monolayer is shown in the end of 
the biotin molecule of each DNA solid phase-ized film 15 at drawing 2 . Since all of a specific 
area and the specific configuration of a part 101 which are formed in the front face of each 
substrate are homogeneity, its number of the biotin molecules 23 fixed to each specific part 101 
is also almost uniform. Therefore, the number of the avidin molecules combined with each 
specific part 101 becomes equal. That is, even if some dispersion is in the number of the biotins 
fixed to each specific part 101, the number of the avidin molecules with which the direction of an 
avidin molecule is fixed to each specific part 101 since it is larger than a biotin molecule for 
whether your being Haruka becomes fixed. Spacing of the configuration of the specific part 101, 
a dimension, and part 101 specific comrades can be changed into arbitration by changing the 
photo mask used at an exposure process. Therefore, the number of the avidin molecules fixed to 
the specific part 101 is also controllable to arbitration by changing a photo mask. 
[0009] Next, the DNA microarray concerning this invention is explained. The DNA microarray 
concerning this invention is manufactured by each specific part 101 of the surface-preparation 
substrate 100 manufactured by the approach of drawing 1 by carrying out the spot of the 
solution containing the probe DNA from which a base sequence differs respectively. An example 
of the manufacture approach of the DNA microarray which starts this invention at drawing 3 is 
shown. 1 10 are AREIYA for carrying out the spot of the solution 1 1 1 containing probe DNA 21 on 



the DNA microarray substrate 100 among drawing. DNA (biotin-ized DNA) which carried out the 
indicator of the biotin beforehand is used for probe DNA 21. AREIYA 1 10 is supplied to the part 
1 01 of specification [ the solution 111 of a constant rate ] by dashing the tip of AREIYA 1 1 0 
which it had come to be able to carry out the constant-rate maintenance of the solution 1 1 1 by 
capillarity, and held the solution 1 1 1 against the specific part 101 on the surface treatment 
substrate 100. Consequently, the probe DNA 21 in a solution 1 1 1 combines with each one avidin 
molecule 22 of every currently fixed to the specific part 101 on the DNA microarray substrate 
100 (solid-phase-izing of biotin-ized DNA). Since the number of the avidin molecules 22 
currently fixed to each specific part 101 is the same, the number of the probe DNA 21 combined 
with each specific part 101 is also the same (refer to drawing 4 ). The number of the avidin 
molecules fixed to each specific part 101 can be changed into arbitration by changing the photo 
mask used at an exposure process, and changing the specific configuration and specific 
dimension of a part 101, as mentioned above. Therefore, it is controllable by modification of the 
photo mask used at an exposure process to arbitration, and the number of the probe DNA 21 
fixed to each specific part 101 can also always fix a fixed number of probe DNA 21 to each 
specific part 101, even if dispersion is in the probe DNA concentration of the solution 111 which 
carries out a spot to each specific part 101. 

[0010] The example of measurement of the relation between the amount of DNA in the solution 
which carries out a spot to drawing 5 to the specific part on a surface treatment substrate 
(concentration), and the amount of DNA fixed by the specific part is shown. This measurement 
result shows that the amount of probe DNA fixed by the specific part becomes fixed, if the spot 
of the 3x109 to 5x109 probe DNA is carried out. All the DNA detection spot sections on a DNA 
microarray are the same configuration and the same area, and since same number [ every ] 
probe DNA 21 is moreover being fixed to all the detection spot sections, according to this DNA 
microarray, quantitive analysis is attained. Since the DNA adsorption site on a DNA microarray is 
restricted to the specific part 101, i.e., the DNA detection spot section, DNA can prevent that an 
un-unique target causes adsorption around the DNA detection spot section. Therefore, a S/N 
ratio can be raised by reduction of the noise at the time of fluorescence detection (unnecessary 
light). Furthermore, a S/N ratio can be raised more by making it in agreement with the 
configuration of the pixel of the solid state image sensors (a CCD sensor, CMOS sensor, etc.) 
which use the configuration of the DNA detection spot section, i.e., the configuration of said 
specific part, for an image pick-up. 

[001 1] In addition, this invention is not limited to the gestalt of the above operation. For example, 
the manufacture approach of the surface treatment substrate concerning this invention is not 
limited to the gestalt of the above-mentioned operation. That is, by the manufacture approach 
shown in drawing 1 , the laminating of the photoresist 13 of the aluminum film 12 and a positive 
type is first carried out to the front face of a substrate 1 1 one by one. Next, it lets the photo 
mask which has arranged the specific part 101 regularly pass, and only the specific part of a 
photoresist is exposed, by dipping in a developer, a photoresist dissolves only the specific part 
101 and the aluminum film 12 exposes only the specific part 101. Then, by etching the aluminum 
film 12 with an acid etching solution, the aluminum film 12 of the specific part 101 is dissolved, 
and the glass front face of the specific part 101 of a substrate 1 1 is exposed. It can leave the 
DNA solid phase-ized film 15 only to the specific part 101 of the front face of a substrate 11 by 
applying the DNA solid phase-ized film 15 on it, and dissolving the aluminum film 12. As another 
approach, the DNA solid phase-ized film 15 may be formed in the whole front face of a substrate 
1 1 from the beginning, and only the specific part 101 may adopt the approach of exposing the 
DNA solid phase-ized film 15. In this case, after carrying out laminating formation of the DNA 
solid phase-ized film 15 and the aluminum film 12 one by one on the whole front face of a 
substrate 11, only the specific part 101 can expose the DNA solid phase-ized film 15 by carrying 
out laminating formation of the photoresist 13 of a positive type on the aluminum film 12, 
exposing only to the specific part 101 through a photo mask, and performing development and 
etching like the above. Moreover, a photoresist does not need to be a positive type and it is 
undoubted that the photoresist of a negative mold is also usable. 

[0012] Moreover, although the gestalt of the above-mentioned implementation explained the 



DNA microarray, i.e., the biomolecule microarray which fixed DNA as probe biomolecule, the thing 
using RNA, PIMA, protein, etc. as probe biomolecule is also contained in the biomolecule 
microarray of this invention. Moreover, the substrate used for a surface treatment substrate may 
not be restricted to a slide glass substrate, and a transparence glass substrate, a silicon 
substrate, a plastic plate, a golden substrate, a silver substrate, etc. are sufficient as it. 
Moreover, what is necessary is just to use the matter considered to be the most suitable for 
quantification of the number of probe biomolecules to fix in consideration of affinity with probe 
biomolecule to fix not only to what fixed avidin (exposure) but to said specific part, even if 
attached to a solid phase-ized agent. 
[0013] 

[Effect of the Invention] As explained above, this invention does the following outstanding 
effectiveness so. Since surface preparation of the substrate for biomolecule microarrays 
concerning this invention is carried out so that probe biomolecule may adhere only to the 
specific part on the front face of a substrate, by carrying out the spot of the solution containing 
probe biomolecule to a substrate front face, it can prevent that probe biomolecule adheres to 
the field besides the biomolecule detection spot section, and can obtain the high biomolecule 
microarray of a S/N ratio. Moreover, the amount of the probe biomolecule fixed in the 
biomolecule detection spot section is controllable by changing said specific area and specific 
configuration of a part. The same, then the biomolecule microarray which can make regularity the 
amount of the probe biomolecule of all the biomolecule detection spot sections, and starts this 
invention are obtained in all of said specific area and specific configuration of a part. Since the 
amount of the probe biomolecule fixed by each biomolecule detection spot section is fixed 
according to the biomolecule microarray concerning this invention, it can be used for the 
quantitive analysis of target biomolecule. Moreover, since the biomolecule detection spot section 
is formed by fixing probe biomolecule to a specific part, the nonspecific adsorption of the target 
biomolecule in the field besides the biomolecule detection spot section can be prevented, and 
high measurement of a S/N ratio can be performed. According to the manufacture approach 
concerning this invention, the surface treatment substrate for biomolecule microarrays 
concerning this invention can be manufactured with high precision by forming only in the specific 
part on the front face of a substrate the solid phase-ized film which adsorbs probe biomolecule 
and solid-phase-izes it using high precision processing technology, such as a photolithography. 
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TECHNICAL FIELD 



[Field of the Invention] The invention in this application uses as a probe biomolecule of the 
single strand which has a complementary base sequence to the target biomolecule which should 
be detected, belongs to the biomolecule detection technique detect target biomolecule by 
detecting the existence of the double strand formed of the hybridization of the probe 
biomolecule concerned and the sample nucleic acid of the living body origin, and relates to the 
biomolecule microarray which comes to form the biomolecule detection spot section on the 
substrate concerned by carrying out the spot of the solution which contains probe biomolecule 
especially on the surface of a substrate. 
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PRIOR ART 



[Description of the Prior Art] There is a DNA microarray (called a DNA chip) as a device for 
detecting the biomolecules (DNA, RNA, etc.) which exist in the sample of the living body origin. 
According to the DNA microarray, it is possible for biomolecule detection processing or base- 
sequence-determination processing of hundreds - tens of thousands batches to be put in block, 
and to perform it in juxtaposition. A DNA microarray comes to arrange the DNA detection point 
(spot section) of hundreds - a-1 0,000 number on a several square centimeters - about ten 
square centimeters glass substrate or a silicon substrate tidily. One kind of nucleic-acid polymer 
(gene fragment) of a single strand which had a known base sequence beforehand is being fixed to 
each DNA detection point at a time as a probe (sensor). That is, on a DNA microarray, many 
kinds of nucleic acid probes have aligned. If the water solution of the sample nucleic acid which 
carried out labeling (indicator) with the fluorescent material on this DNA microarray is poured, 
, only when the base sequence of the nucleic-acid polymer in a sample nucleic acid is as 
complementary as FUROBU, both will hybridize, and also even in after washing, only a probe and 
the target nucleic-acid polymer to which it hybridized remain on a DNA microarray. By detecting 
the fluorescence which the fluorescent material in the target nucleic-acid polymer which 
remained on the DNA microarray emits, it can judge whether a target nucleic-acid polymer exists 
in a sample nucleic acid. 

[0003] A DNA microarray can be divided roughly into two kinds, a photolithography mold and a 
spotting mold, according to a manufacturing method. In the photolithography mold, the 
manufacture approach which compounds DNA (oligonucleotide) of desired varieties on a 
substrate (or sheet) by the photolithography used in the manufacture process of a 
semiconductor integrated circuit is taken, and the DNA microarray which has the DNA detection 
point of high density is put in practical use (refer to U.S. Pat. No. 5744305 and 5445934 grade). 
On the other hand, in a spotting mold, after carrying out the spots of the waterdrop containing 
the probe DNA which prepared beforehand the solid phase-ized agent (the poly lysine or amino 
silane) on the substrate using the substrate (or sheet) with which the whole surface of slide 
glass was coated one by one and carrying it, the manufacture approach which forms a DNA 
detection spot is taken by making it dry (reference, such as U.S. Pat. No. 587522). 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, this invention does the following outstanding 
effectiveness so. Since surface preparation of the substrate for biomolecule microarrays 
concerning this invention is carried out so that probe biomolecule may adhere only to the 
specific part on the front face of a substrate, by carrying out the spot of the solution containing 
probe biomolecule to a substrate front face, it can prevent that probe biomolecule adheres to 
the field besides the biomolecule detection spot section, and can obtain the high biomolecule 
microarray of a S/N ratio. Moreover, the amount of the probe biomolecule fixed in the 
biomolecule detection spot section is controllable by changing said specific area and specific 
configuration of a part. The same, then the biomolecule microarray which can make regularity the 
amount of the probe biomolecule of all the biomolecule detection spot sections, and starts this 
invention are obtained in all of said specific area and specific configuration of a part. Since the 
amount of the probe biomolecule fixed by each biomolecule detection spot section is fixed 
according to the biomolecule microarray concerning this invention, it can be used for the 
quantitive analysis of target biomolecule. Moreover, since the biomolecule detection spot section 
is formed by fixing probe biomolecule to a specific part, the nonspecific adsorption of the target 
biomolecule in the field besides the biomolecule detection spot section can be prevented, and 
high measurement of a S/N ratio can be performed. According to the manufacture approach 
concerning this invention, the surface treatment substrate for biomolecule microarrays 
concerning this invention can be manufactured with high precision by forming only in the specific 
part on the front face of a substrate the solid phase-ized film which adsorbs probe biomolecule 
and solid-phase-izes it using high precision processing technology, such as a photolithography. 



[Translation done.] 



* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] There is a difference among the following properties 
in two kinds of DNA microarrays mentioned above. Since the DNA microarray of a 
photolithography mold can make the DNA detection point fine and can grow DNA to 
homogeneity, it is excellent in the point that high sensitometry and its repeatability can be 
guaranteed, and the point which can be used for SNP (a little salt radical polymorphism) analysis. 
However, one mask is required in order to compound one base, and since there are four kinds of 
bases with A, T, G, and C, at least four masks are needed. For example, 80 masks are required to 
compound the probe of the die length of 20 bases. The mask is as expensive as hundreds of 
thousands of yen per sheet, and in order to make a DNA microarray, it requires tens of millions 
of yen costs. For this reason, the present condition is used only by some research facilities. 
[0005] In order to use for the DNA microarray of a spotting mold the approach of carrying the 
waterdrop containing probe DNA on a substrate, and drying it, the consistency and uniformity of 
DNA which are fixed on a substrate are not guaranteed. That is, since the dimension and 
configuration of the DNA detection spot section become an ununiformity, dispersion arises in the 
amount of DNA currently fixed to each DNA detection spot section. For this reason, even if the 
DNA microarray of a spotting mold was applicable to qualitative analysis, it was not fit for 
quantitive analysis. That is, even if the existence of the DNA detection spot section which the 
hybridization with target biomolecule produced was detectable, it was not able to measure the 
amount of the target biomolecule which carried out hybridization in each DNA detection spot 
section. Moreover, by existence of the solid phase-ized agent adhering to the perimeter of the 
DNA detection spot section, Target DNA adsorbed on the substrate nonspecific, the rise of a 
noise was caused, and the S/N ratio was reduced. It is originated under such a situation and the 
invention in this application has the purpose in being able to use it for quantitive analysis and 
offering the biomolecule microarray of the high spotting mold of a S/N ratio. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, the following 
means are adopted in the invention in this application. The substrate for biomolecule microarrays 
concerning this invention is characterized by preparing regularly the detailed probe biomolecule 
acceptance solid phase section of the plurality on the front face of a substrate which migrates 
to the whole surface mostly and may receive said probe biomolecule quantitatively respectively. 
In the substrate for biomolecule microarrays of this invention, said probe biomolecule 
acceptance solid phase section consists of a solid phase-ized agent of the avidin, streptoavidin, 
a biotin, the amino group, a carbonyl group, a hydroxyl group, a SUKUSHI need radical, a 
MAREIDO radical, or the thiol groups. Moreover, said substrates are a glass substrate, a silicon 
substrate, a plastic plate, a golden substrate, or the silver substrates. Moreover, an avidin 
molecule combines said probe biomolecule acceptance solid phase section with the end of the 
biotin molecule combined with the substrate front face at a monolayer. Moreover, as for spacing 
of 50-200 microns and said specific parts, it is [ the path of said specific part ] desirable that it 
is 100-500 microns. Here, as for the case of a diameter and a square, the path of said specific 
part means the die length of a piece, when the configuration of the specific part concerned is 
circular. Moreover, it is desirable for the configuration of said specific part to carry out 
abbreviation coincidence with the configuration of the pixel of the solid state image sensor used 
for the image pick-up of the biomolecule detection spot section of said biomolecule microarray. 
The biomolecule microarray concerning this invention is characterized by combining probe 
biomolecule with said probe biomolecule acceptance solid phase section of a substrate according 
to claim 1 to 4. In the biomolecule microarray of this invention, said probe biomolecule is DNA, 
RNA, PNA, or protein. Moreover, said probe biomolecule is the biomolecule which carried out the 
indicator of the biotin, and is combined with said probe biomolecule acceptance solid phase 
section by biotin-avidin association. The manufacture approach concerning this invention is an 
approach of manufacturing said substrate for biomolecule microarrays, and is characterized by 
including the process in which only a specific part prepares said probe biomolecule acceptance 
solid phase section using a photolithography technique and an etching technique. 
[0007] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail with reference to a drawing. First, the substrate for DNA microarrays concerning this 
invention (it is only hereafter described as a surface treatment substrate.) is explained. Drawing 
1 is the production process Fig. showing an example of the manufacture approach of the surface 
treatment substrate concerning this invention. Among drawing, 1 00 are a surface-preparation 
substrate concerning this invention, surface preparation is carried out and this surface- 
preparation substrate 100 becomes so that probe DNA may adhere only to the specific part 101. 
The production process of the surface treatment substrate 100 is as follows. 

(1) Substrate washing process : wash the slide glass substrate 1 1 and remove an impurity. 

(2) Aluminum film vacuum evaporationo process : vapor-deposit the aluminum film 12 on the 
front face of the slide glass substrate 1 1 (coating). 

(3) The spreading process of a photoresist : apply the photoresist of a negative mold to the front 
face of the aluminum film 1 2 (coating). 



(4) Exposure process : irradiate light (hnu) only to the specific part 101 on the substrate of (3) 
through a photo mask 14. 

(5) Develop the photoresist 13 on the substrate of development process: (4). The photoresist 13 
of the specific part 101 is removed in this phase. 

(6) Etch the aluminum film on the substrate of etching process: (5). In this phase, the aluminum 
film 12 of the specific part 101 is removed. 

(7) Dissolve with an acetone and remove the photoresist 13 on the substrate of resist removal 
process: (6). In this phase, the front face of the slide glass substrate 1 1 exposes only the 
specific part 101. 

(8) On the substrate of DNA solid phase-ized film formation process: (7), apply the solid phase- 
ized agent which adsorbs probe DNA and solid-phase-izes it, and form the DNA solid phase-ized 
film 15. Specifically, this process consists of an amino-group installation process on the front 
face of a substrate by amino silanizing, and a biotin installation process to the amino group on 
the front face of a substrate by the biotin SUKUSHI need. 

(9) Make it dissolve by the acid, alkali, or the chelating agent, and remove the aluminum film 12 
on the substrate of DNA attachment site formation process: (8). The DNA solid phase-ized film 
15 is formed only in the specific part 101 of the front face of the slide glass substrate 1 1 in this 
phase. 

(10) Introduce an avidin solution on the substrate of avidin joint process: (9), and make a 
monolayer combine an avidin molecule with the end of the biotin molecule of the DNA solid 
phase-ized film 15 formed in the specific part 101. 

By passing through the process of the above (1) - (10), the DNA microarray substrate 100 with 
which avidin was fixed only to the specific part 101 of the front face of the slide glass substrate 
1 1 by the monolayer is obtained. Spacing of 200 microns or less and part 101 specific comrades 
of the diameter of the specific part 101 is 400 microns or less. 

[0008] The process which an avidin molecule combines with a monolayer is shown in the end of 
the biotin molecule of each DNA solid phase-ized film 1 5 at drawing 2 . Since all of a specific 
area and the specific configuration of a part 101 which are formed in the front face of each 
substrate are homogeneity, its number of the biotin molecules 23 fixed to each specific part 101 
is also almost uniform. Therefore, the number of the avidin molecules combined with each 
specific part 101 becomes equal. That is, even if some dispersion is in the number of the biotins 
fixed to each specific part 101, the number of the avidin molecules with which the direction of an 
avidin molecule is fixed to each specific part 101 since it is larger than a biotin molecule for 
whether your being Haruka becomes fixed. Spacing of the configuration of the specific part 101, 
a dimension, and part 101 specific comrades can be changed into arbitration by changing the 
photo mask used at an exposure process. Therefore, the number of the avidin molecules fixed to 
the specific part 101 is also controllable to arbitration by changing a photo mask. 
[0009] Next, the DNA microarray concerning this invention is explained. The DNA microarray 
concerning this invention is manufactured by each specific part 101 of the surface-preparation 
substrate 100 manufactured by the approach of drawing 1 by carrying out the spot of the 
solution containing the probe DNA from which a base sequence differs respectively. An example 
of the manufacture approach of the DNA microarray which starts this invention at drawing 3 is 
shown. 1 10 are AREIYA for carrying out the spot of the solution 1 1 1 containing probe DNA 21 on 
the DNA microarray substrate 100 among drawing. DNA (biotin-ized DNA) which carried out the 
indicator of the biotin beforehand is used for probe DNA 21. AREIYA 110 is supplied to the part 
101 of specification [ the solution 111 of a constant rate ] by dashing the tip of AREIYA 110 
which it had come to be able to carry out the constant-rate maintenance of the solution 1 1 1 by 
capillarity, and held the solution 1 1 1 against the specific part 101 on the surface treatment 
substrate 100. Consequently, the probe DNA 21 in a solution 111 combines with each one avidin 
molecule 22 of every currently fixed to the specific part 101 on the DNA microarray substrate 
100 (solid-phase-izing of biotin-ized DNA). Since the number of the avidin molecules 22 
currently fixed to each specific part 101 is the same, the number of the probe DNA 21 combined 
with each specific part 101 is also the same (refer to drawing 4 ). The number of the avidin 
molecules fixed to each specific part 101 can be changed into arbitration by changing the photo 



mask used at an exposure process, and changing the specific configuration and specific 
dimension of a part 101, as mentioned above. Therefore, it is controllable by modification of the 
photo mask used at an exposure process to arbitration, and the number of the probe DNA 21 
fixed to each specific part 101 can also always fix a fixed number of probe DNA 21 to each 
specific part 101, even if dispersion is in the probe DNA concentration of the solution 111 which 
carries out a spot to each specific part 101. 

[0010] The example of measurement of the relation between the amount of DNA in the solution 
which carries out a spot to drawing 5 to the specific part on a surface treatment substrate 
(concentration), and the amount of DNA fixed by the specific part is shown. This measurement 
result shows that the amount of probe DNA fixed by the specific part becomes fixed, if the spot 
of the 3x109 to 5x109 probe DNA is carried out All the DNA detection spot sections on a DNA 
microarray are the same configuration and the same area, and since same number [ every ] 
probe DNA 21 is moreover being fixed to all the detection spot sections, according to this DNA 
microarray, quantitive analysis is attained. Since the DNA adsorption site on a DNA microarray is 
restricted to the specific part 101, i.e., the DNA detection spot section, DNA can prevent that an 
un-unique target causes adsorption around the DNA detection spot section. Therefore, a S/N 
ratio can be raised by reduction of the noise at the time of fluorescence detection (unnecessary 
light). Furthermore, a S/N ratio can be raised more by making it in agreement with the 
configuration of the pixel of the solid state image sensors (a CCD sensor, CMOS sensor, etc.) 
which use the configuration of the DNA detection spot section, i.e., the configuration of said 
specific part, for an image pick-up. 

[001 1] In addition, this invention is not limited to the gestalt of the above operation. For example, 
the manufacture approach of the surface treatment substrate concerning this invention is not 
limited to the gestalt of the above-mentioned operation. That is, by the manufacture approach 
shown in drawing 1 , the laminating of the photoresist 13 of the aluminum film 12 and a positive 
type is first carried out to the front face of a substrate 1 1 one by one. Next, it lets the photo 
mask which has arranged the specific part 101 regularly pass, and only the specific part of a 
photoresist is exposed, by dipping in a developer, a photoresist dissolves only the specific part 
101 and the aluminum film 12 exposes only the specific part 101. Then, by etching the aluminum 
film 12 with an acid etching solution, the aluminum film 12 of the specific part 101 is dissolved, 
and the glass front face of the specific part 101 of a substrate 1 1 is exposed. It can leave the 
DNA solid phase-ized film 15 only to the specific part 101 of the front face of a substrate 1 1 by 
applying the DNA solid phase-ized film 15 on it, and dissolving the aluminum film 12. As another 
approach, the DNA solid phase-ized film 1 5 may be formed in the whole front face of a substrate 
1 1 from the beginning, and only the specific part 101 may adopt the approach of exposing the 
DNA solid phase-ized film 15. In this case, after carrying out laminating formation of the DNA 
solid phase-ized film 15 and the aluminum film 12 one by one on the whole front face of a 
substrate 11, only the specific part 101 can expose the DNA solid phase-ized film 15 by carrying 
out laminating formation of the photoresist 13 of a positive type on the aluminum film 12, 
exposing only to the specific part 101 through a photo mask, and performing development and 
etching like the above. Moreover, a photoresist does not need to be a positive type and it is 
undoubted that the photoresist of a negative mold is also usable. 

[0012] Moreover, although the gestalt of the above-mentioned implementation explained the 
DNA microarray, i.e., the biomolecule microarray which fixed DNA as probe biomolecule, the thing 
using RNA, PNA, protein, etc. as probe biomolecule is also contained in the biomolecule 
microarray of this invention. Moreover, the substrate used for a surface treatment substrate may 
not be restricted to a slide glass substrate, and a transparence glass substrate, a silicon 
substrate, a plastic plate, a golden substrate, a silver substrate, etc. are sufficient as it. 
Moreover, what is necessary is just to use the matter considered to be the most suitable for 
quantification of the number of probe biomolecules to fix in consideration of affinity with probe 
biomolecule to fix not only to what fixed avidin (exposure) but to said specific part, even if 
attached to a solid phase-ized agent. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the production process Fig. showing an example of the manufacture approach of 
the surface treatment substrate concerning this invention. 

[Drawing 21 It is an explanatory view about the process which an avidin molecule combines with 
the end of the biotin molecule of each DNA solid phaseHzed film. 

[Drawing 3] It is the explanatory view showing an example of the manufacture approach of the 
DNA microarray concerning this invention. 

[Drawing 4] It is an explanatory view about the process which probe DNA (biotin-ized DNA) 
combines with the avidin molecule currently fixed to the specific part. 

[Drawing 5] It is drawing showing the measurement result of the relation between the amount of 

DNA in the solution which carries out a spot to the specific part on a surface treatment 

substrate (concentration), and the amount of DNA fixed by the specific part. 

[Description of Notations] 

1 1 : Slide glass substrate 

12: Aluminum film 

13: Photoresist 

14: Photo mask 

15: Solid phaseHzed film 

21: Probe DNA 

22: Avidin molecule 

23: Biotin molecule 

100: DNA microarray surface treatment substrate 
101: A specific part 
110: AREIYA 
111: Solution 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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